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Abstract: This contribution presents the results of a techno-economic analysis performed for 
German Materials Recovery Facilities (MRFs) which sort commingled lightweight packaging waste 
(consisting of plastics, metals, beverage caitons and other composite packaging). The study 
addressed the impo1tance of economies of scale and discussed complementary relations occurring 
between capacity size, technology level and operational practice. Processing costs (capital and 
operational expenditure) per unit waste input were found to decrease from above 100 € for small 
plants with a basic technology level to 60-70 € for large plants employing advanced process flows. 
Typical operational practice, often riddled with inadequate process parameters was compared with 
planned or designed operation. The former was found to significantly influence plant efficiency and 
therefore possible revenue streams from the sale of output material streams. 
Keywords: techno-economic analysis, Materials Recovery Facilities (MRF), lightweight 
packaging waste, sorting efficiency. 
Introduction 
Central sorting installations, in the form of different types of Material Recovery Facilities (MRFs), 
play the pivotal role of material recovery for recycling in our waste management systems. Despite 
the enormous increase in facility numbers across both Europe and the N01th America in the last 25 
years, detailed studies on processing efficiency and economic costs and benefits are extremely 
sparse in scientific literature. When economic data is found, it is often case specific and limited 
information is available about the cost accounting method (capital recovery periods, interest rates, 
inclusion of taxes), technologies employed, plant capacity and production levels, parameters used in 
sizing of buildings and installations. A few example studies on MRFs in No1th America can be 
given here, such as Chester et al. (2008) and Franchetti (2009). 
In Europe, where Extended Producer Responsibility legislation, i.e. the Packaging and Packaging 
Waste Directive (Directive 1994/62/EC), mandates that the industry is responsible for their 
packaging end-of-life, several questions have arisen: (1) whether the industry is actually covering 
the costs of collection and treatment, and (2) what is the actual cost incurred by these operations. To 
answer these questions, several studies were recently published, which assessed the framework and 
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system setting present in several European countries (da Cruz et al., 2014; Marques et al., 2014). 
Cost levels for sorting operations were given, but aggregate several types of so1ting operations (i.e. 
paper and cardboard so1ting, glass sorting and mixed lightweight packaging so1ting). 
More broadly, other studies can be found which addressed cost accounting with the purpose of 
revealing if economies of scale effects occur in different types of municipal solid waste treatment, 
such as waste-to-energy (incineration plants), mechanical biological treatment (MBT), anaerobic 
digestion plants, composting plants and landfills. Statistical methods applied to data found in 
various publications on treatment costs were applied by Economopoulos (2010) and Tsilemou and 
Panagiotakopoulos (2006) to estimate approximate cost functions and generate generic cost curves, 
which revealed different degrees of economies of scale for a number of MSW treatment options. 
Armeftis et al. (2006) and Tsilemou and Panagiotakopoulos (2007) developed mass balance and 
costing models for MBT plants. These models could dimension a typical plant configuration to 
expected input and could return expected quantities for products and residues and predict capital 
investment and annual operating costs as a function of plant capacity. Although the models are 
briefly described, very little of the data or modelling parameters used were given in their 
publications. 
Considering the general lack of comprehensive techno-economic analysis studies on European 
MRFs which process mixed packaging waste, the main objective of this study was to reveal and 
quantify economies of scale for lightweight packaging waste so1ting plants, and further discuss 
complementary relations between capacity size (tonnes per year), technology level (complexity of 
process flow) and plant material efficiency (recovery, quality and number of output products). This 
is achieved through a techno-economic analysis, based on German framework conditions, of three 
theoretical sorting plants of different size and technology level. 
Institutional and legislative framework 
Early implementation of packaging waste regulations in countries like Germany (1991) and Austria 
(1993), influenced and shaped the EU Packaging and Packaging Waste Directive (Directive 
1994/62/EC) adopted in 1994, which introduced, based on the principle of "extended producer 
responsibility" (EPR), binding targets to collect, recover and recycle all materials used in 
packaging, including paper and cardboard, plastic, composites, aluminum and steel. 
The model for a mixed packaging waste collection was first set in Germany in 1990, when the 
Duales System Deutschland GmbH (DSD GmbH) was founded by trade and industry in order to 
fulfil their legal obligation towards the Ordinance on the Avoidance and Recovery of Packaging 
Waste (Packaging Ordinance, 1991). The same EPR-based model is now followed with some 
degree of variation in the 28 EU member states, plus Turkey, Serbia, Norway, Iceland, Ukraine and 
four provinces of Canada. The "duales system" entailed the setting of a parallel system for the 
collection of packaging waste from households, alongside older existing municipal systems 
(separate collection of paper/cardboard, biowaste, glass and residua l waste). Packaging made of 
plastic, composites, aluminum and steel - so-called lightweight packaging (in German: 
Leichtverpackungen or L VP) - is collected commingled in yellow bags and bins at curbside and, 
sometimes, also bring systems (Gerke and Pretz, 2004). 
The Packaging Directive and the recovery and recycling targets therein were updated in 2004 
(Directive 2004/12/EC). By 2008 packaging waste was to be recovered a minimum of 60% by 
weight, whereas recycling target for each material were 60% for glass, paper and cardboard, 50% 
for metals, 22.5% for plastics and 15% for wood. Moreover, several countries including Germany, 
Austria and Belgium have set and achieved significantly higher recycling targets. 
Despite the common goal instituted by the Packaging Directive for all member states, the 
operational strategies adopted vary considerably from country to country. ln all cases mechanisms 
are in places which compensate with financial support waste management operators for activities 
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such as separate collection and sorting. The cost of such operations is covered partially or 
completely and in the case of Germany they also contribute to supporting recycling activities (da 
Cruz et al., 2014 ). 
Description of the state-of-the-art 
Before the year 2000, ea. 250 L VP so1ting plants of small to medium capacity (largest 40.000 t/y) 
were operating in Germany, with the first deployment of plastics sorting by means of sensor sorting 
technology in 1999 in a plant in Trier. In the following period, the implementation of the various 
stages of development in terms of technical equipment and process was relatively sho1t (5 to 10 
years) and was accompanied by a strong concentration in capacity. By 2003, there were 140 plants 
(biggest capacity 60.000 t/y), and in 2007 the number had fallen under 100 (biggest capacity 
100.000-120.000 t/y). A study from 2011 puts the number of existing plants at 92. However, almost 
90% of the approximately 2.2 million tonnes of collected L VP waste was processed in less than 50 
plants. Of outstanding significance are seven large plants, considered state-of-the-att, with a total 
capacity of about 30% of the nationwide LVP-volume. 
Process flow description 
The first processing step is always bag opening, performed as a coarse shredding process in order to 
open bags but also to liberate materials for subsequent downstream processes. This operation is 
usually coupled with volumetric dosage feeding. The materials then undergo a series of 
conditioning steps. The first conditioning step is size classification, performed with drum screens 
(trammels) with one or two functional separation cuts. This step has the functions of: (1) splitting 
the flow of materials in relation to the workable size spectrum of s01ting equipment downstream; 
and (2) pre-enrichment of different materials. The proven cut-off for coarse materials is 220 mm. 
The screen overflow is typically 10-15% of the input stream, and is typically led to the separation of 
plastic films in an air classifier (light fraction). The heavy fraction from the air classifier can be 
manually so1ted or shredded and returned to the medium-grain sorting lines. 
The materials below 220 mm are fu1ther separated in two to four further pa1ticle size intervals, with 
the last cut-off used for fine grain material, typically <20mm. The main mass flow, 20-220 mm, 
represents about 80-85% of the input stream and is now processed on two or three individual lines. 
The order and number of in-line so1ting steps can differ to some extent. First, air classification is 
used to remove large plastic films, which is crucial for downstream sensor sorting. Typically the 
light fraction separated here is 10%. The next step is the separation of ferromagnetic components by 
suspension magnets (9-13% of input stream). NIR sensor sorting is then used to remove liquid 
carton containers (beverage ca1tons). Eddy current separation is used to so1t non-ferrous 
components, mostly Al ( <5% of input). The reason beverage cartons are removed first is because 
they interfere and would be pa1tially separated with non-ferrous material by the Eddy current. In 
two more NIR sorting steps, paper/card packaging and all plastics are removed in mixed streams. 
The mixed plastics stream can be further conditioned, typically by using ballistic separators to 
remove fines and any remaining 20 material, before it enters the polymer sorting block. Here 
plastics are so1ted in a cascade by polymer type in the four standard packaging polymers, i.e. PE, 
PP, PET and PS. Individual so1ted polymers can undergo a second automatic "cleaning" step, or be 
refined by automatic color sorting (typically only PET). The leftover plastics, after polymer sorting, 
will constitute typically a mix polymer product, however, another sensor unit can be used to pick 
remaining/missed value polymers (a "scavanger") and recirculate them to the sta1t of the polymer 
sorting process, thus increasing recovery rates. 
State-of-the-art plants can have up to a total 20 NIR so1ting machines. In addition to NIR, multi-
sensor systems are commonly used for specific tasks (combining NIR, color or induction sensors). 
Notwithstanding the high level of automation, these systems need to be augmented with some 
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manual quality control in order to correct for systematic sorting errors and achieve some refining 
tasks before products are ready for the market (Bi.inemann et al., 20 11 ; Christiani, 2009). 
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Figure I : Process flow diagram for a state-of-the-art L VP sorting plant 
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With the implementation of the dual system in Germany, a large technological driver was created, 
and this supported not only the development of technology for material smting, but also the 
development of a new recycling industry, especially with respect to plastics recycling. Duales 
System Deutschland established the Deutsche Gesellschaft flir Kreislaufwirtschaft und Rohstoffe 
mbH (German society for recycling and raw materials) or shottly DKR, to centrally organize the 
collection of the so1ted materials from the sorting facilities and delivers them to recycling facilities. 
Thus DKR is the link between the recovery faci lities and the recycling markets. This enabled the 
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establishment of quality standards for sorted products through the combination of demands from the 
recyc ling industry and technical sorting capabilities (Table I). 
Table 1: DKR product standards: material components and minimum purity (wt.-%) 
Product DKR- Description Purity (min) 
No. 
Fe-metals (tinplate) 412 Beverage-, food cans, buckets including labels 67%; standard 
82% 
Aluminum 420 Al cans, trays, foil, including labels/lids 90% 
Beverage cations 510 Emptied packaging cardboard composite materials 90% 
(carton/PE/Al) for liquid and paste products 
Paper-card packaging 550 Paper, cardboard composites with the exception of 90% 
beverage cartons 
Plastic Foils 310 Plastic films >A4 such as bags, shrink films 92% 
Mixed plastic bottles 320 Empty, rigid, <5 Iiters such as beverage, detergent, 94% 
household cleaning bottles including labels 
MPO- Mixed 323 PP and PE such as bottles, cups, trays, foils and 85% 
Polyolefin other similar including labels 
PET - Bottles, 325 Empty, rigid, <5 liters such as beverage, detergent, 98% 
transparent household cleaning bottles including labels 
Mixed PET 90/70/50% 328-1-2- Transparent PET bottles in the percentage stated 98% PET 
3 and rest of other PET packaging content 
Single PP,PE, PS 324, 329, Empty, rigid, <5 liters such as bottles, cups and 94% 
fractions 33 1 trays 
Mixed plastics 350 Plastic packaging (PE, PP, PS, PET) including 90% 
labels, lids 
The performance, in terms of materials recovery and quality of products, of L VP s01ting plants, and 
in general packaging sorting plants has not until now been properly documented in international 
scientific literature (e.g. mass transfer in d ifferent unit processes, mass balances, recovery/y ield of 
fractions and purity of recovered products). Table 2 presents generic recovery efficiencies given in 
German literature. 
Table 2: Material recovery in state-of-the-art LVP plants, adapted from Biinemann et al. (2011) 
Product Sorting technology Recovery Reprocessing route 
Bulky materials (buckets/cans) 
Ferrous metals 
NF-metals (Al) 
Beverage cartons 
Plastic foils >A4 
Hard plastics (PE, PP, PS, PET) 
Mixed plastics 
Residues 
Manual 
Magnetic separation 
Eddy current 
NIR 
Air separation, NIR 
NIR 
NIR 
ield % 
>95% 
60-90% 
90% 
>70% 
70-90% 
>85% 
Mechanical recycling 
Steel industry 
Pyrolysis and Al industry 
Paper industry 
Mechanical recycling, 
Mechanical recycling, 
Mechanical recycling or 
energy recovery 
Energy recovery 
Sorting residues in highly effic ient sorting plants still amount to around 20% of material input. This 
is, nonetheless, dependent on the materia l composition and the amount of contaminants in the 
collected L VP, which is typica lly also around 20% of collected materials. 
Methods 
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In this work a spreadsheet-based model was established, using commonly employed technical and 
economic planning methods, to support detailed cost calculations for commingled LVP sorting 
plants. In order to evaluate the extent and relevance of economies of scale, three generic progressive 
plants sizes were modelled, which reflect well capacity ranges and specific technology levels of 
operating plants in Germany. The main specifications for the plants are presented in Table 3. 
Table 3: Main plant spedf;cations 
Basic plant Medium plant Advanced plant 
Planned processing capacity tonnes/y 25,000 50,000 100,000 
Working days d/y 250 250 250 
Shifts shifts/d 2 2 3 
Hours per shift h/shift 8 8 8 
Operational hours h/y 4,000 4,000 6,000 
Plastic sorting No so1ting by type So1ting by type Sorting by type 
(PE,PP,PET) (PE,PP,PET,PS) 
Model structure 
The model is structured based on five sections or modules that can be defined for packaging so1ting 
plants based on section or module function. The five sections are: 
- Feeding and pre-conditioning - consists of reception (unloading), storage of input materials, 
feeding and pre-conditioning processes such as bag opening and/or size reduction; 
Conditioning - refers to processes aimed at preparing the material flow for sorting such as 
sieving steps, ballistic separation and air classification; 
Sorting - primary sorting processes separate material types from the conditioned flows; 
Refining - additional sorting steps are aimed at bringing material output quality to market 
requirements, consists of quality control by mechanical of manual negative sorting; 
Product handling - consists of balling processes, product storage as bales, loose material 
(sorting residues) or in containers (metals) and includes loading operations for products or 
residues to be delivered to downstream processors. 
Sizing of installations and buildings 
The process flow chaits or process configuration for each plant were designed based on required 
plant processing capacity (to which a flexibility factor was added consisting of 30% additional 
capacity), waste input characteristics (including material composition, paiticle size distributions and 
material densities) and intended output products. In the case of packaging so1ting plants, the basis 
for dimensioning of equipment is material throughput expressed as volume (m3 /h) rather than mass 
(tonnes/h), as it would be common for other types of MRFs. LVP waste has a bulk density of 
around only 50 kg/m3 compared to 150-250 kg/m for commingled single-stream, which means that 
packaging so1ting plants are configured to move 3-5 times as much material volume through the 
plant, thereby requiring substantially larger equipment than single-stream MRFs of similar capacity. 
Equipment size and layout were established for each section of the plant. The equipment, as 
assigned to the different sections, is presented in Table 4. A de-dusting and air treatment system 
was dimensioned for the entire processing area, considering a change in the who le volume of air 
twice per hour. Similarly, aeration and air conditioning systems were included for the sorting cabin 
areas (change in air of 20 times per hour). 
The building size requirements for each section were then based on the number of sorting lines, 
equipment layout and space required for maintenance operations (at a height of 10 m). Besides 
equipment area, the calculation of bui lding area for reception, input storage and feeding (in the 
Feeding and preconditioning section) and, respect ively, product storage and loading areas (in the 
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Product handling section) were given specific attention. Lastly, outside (around building) area was 
estimated equal to the inside built area. 
The reception area was calculated based on the number of trucks at maximum (peak hour) 
unloading capacity which is deemed at 30% of daily storage (processing) capacity. The storage area 
is calculated based on two days capacity plus the added flexibility factor. Input material is stored in 
an open pile with an average height of 4 m. The feeding area or logistic area for the wheel loader is 
estimated at 50% of the storage area, for the basic and medium plant, and 30% for the advanced 
plant. The product storage area was calculated in similar fashion. 
Table 4: Type and number.for equipment assil{ned to each plant section 
Basic plant Medium plant Advanced plant 
Number of 3 (>220mm, 50- 4 (>220mm, 140- 5 (>220mm, 140-
processing lines 220, <50) 220, 50-140, 220, 60-140, 20-
<50) 60, <20) 
Feeding and pre- Processing Screw feeder Screw feeder Shredder and 
conditioning equipment (including (including screw feeder 
bunker) bunker) 
Mobile Wheel loader I I 1 
equipment Polyp excavator - - I 
Other Conveyors* 1 3 3 
Conditioning Processing Screening 1 3 (2 trommel 3 (2 trommel 
equipment screens + flatbed screens + flatbed 
sieve) sieve) 
Air classifier I 2 3 
Ballistic separator - I 1 
Other Conveyors 5 12 16 
Sorting Processing Magnetic separators 2 3 4 
equipment Eddy current 2 2 3 
N IR sorter 2 8 11 
Other Conveyors 14 26 37 
Manual pickers 4 2 2 
Refin ing Processing Air classifier - - 3 
equipment N IR sorter - - 5 
Other Conveyors 2 4 12 
Manual quality control 5 13 9 
Product handling Processing Ballers I I 2 
equipment 
Mobile Polyp excavator I I 1 
equipment Forklift I I 2 
Other Conveyors 7 9 14 
* include electrical installations & controls , generic I Orn length, different width according to line mater ial volume per hour 
Cost estimation 
Investment cost comprises building construction (50 €/m3) , outside area (130 €/m2) and equipment 
costs. All three were based (reference year 2012) on records of specific facilities construction or 
project experience made available by the Depa1tment of Processing and Recycling (I.A.R.) at 
RWTH Aachen University (Germany). Land acquisition costs were not inc luded (as these can vary 
considerably), as were also taxes and permits. Project costs and equipment installation costs were 
added and represent 3% and respectively 8% of total investment. 
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Annualized capital expenditure (Capex) was calculated based on depreciation times (20 y for 
buildings, 10 y for processing equipment and 5 y for mobile equipment) and associated capital 
recovery factors considering an interest rate of 4%. Unforeseen costs representing 10% of 
annualized capital costs were added. 
Annualized operational expenditure (Opex) comprises cost of labor, utilities (electricity and fuel), 
repair/maintenance costs and insurance. Maintenance is taken as a fixed percentage of the capital 
investment cost in the amount of 0.5% for buildings, 3% for processing equipment and 8% for 
mobile equipment. Insurance represents 0.7% of the capital investment cost. In the calculation of 
utility consumption, electricity (0.16 €/kWh) and Diesel fuel (l.25 €/I) use per year are calculated 
considering number of working hours (with the application of a time use factor of 75%) and load 
factors (80% for processing equipment and 50% for mobile equipment). Lastly, for labor cost 
calculations, German salary levels (Table 5), number of working hours per month (167 h) and a 
reserve factor of 20% were employed. 
Table 5: Salary rates and employeesfor the three plant levels 
Basic plant Medium plant Advanced plant 
Position Rate Per Per Total Per Per Total Per Per Total 
(€/h) day shift day shift day shift 
Plant manager 42 1 
-
l l - 1 1 - l 
Shift leader 28 
-
l 2 - I 2 - 1 3 
Electrician 25 I - I - 1 2 - I 3 
Mechanic 25 l - 1 - 1 2 - l 3 
Sorter 14 - 9 18 - 15 30 - 11 33 
Unskilled cleaner 14 l - I - I 2 - 1 3 
Driver (wheel 21 - 1 2 - I 2 - 1 3 
loader) 
Driver (forklift) 21 
-
1 2 1 1 3 l l 4 
Driver (polyp 21 - - - I - I I 1 4 
excavator) 
Baler operator 2 1 - I 2 I 
-
I 
-
I 3 
Total employees 30 46 60 
Mass balances 
The material input composition of average L VP waste in Germany is presented in Table 6, together 
with material specific sorting efficiencies and a price level for the different outputs (estimated based 
on 2013 values). The output yield or mass recovery based on input was calculated by using the 
values of acceptable contamination presented in Table 2. Some outputs have no real market value, 
such as beverage cartons and mixed plastics while so1ting residues have to be incinerated and 
therefore entail a negative price (average of incineration gate fees in the different regions of 
Germany). 
T. bl 6 M . l a e atena if.ft . d fi t t / d compos1twn, sortmg e. 1c1enc1es an pnces or ourpu s pro ucts 
Basic plant Medium plant Advanced plant 
Input Output Prices Recovery Efficiency 
mass-% 
€/t mass-% of pure fraction 
Plastic foils >A4 8 25 50 60 70 
Large olastic containers 2 240 70 83 95 
Paoer/Card and comoosites 8 30 50 60 70 
FE-metals 12 130 80 88 95 
NF-metals 5 375 60 70 80 
Beverage cartons 8 - 70 78 85 
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PET bottles 2 130 - - 80 
Standard packaging 22 70 - 54 (-PS) 54 
polymers (PP, PE, PS, PET) 41 in MPS 41 in MPS 
Mixed plastics (MPS) 16 - 65 73 80 
Contamination/ miss sorting 18 -70 
Operational conditions 
In Germany, but also other European countries, sorting plant operators must handle short term 
supply contracts, which makes the playing field highly competitive. In these conditions some 
operators manage to secure feedstock quantities larger than available processing capacity, while 
others may not be able to fill their capacity. In the former case, during processing, s01ting 
efficiencies are sometimes sacrificed in order to process more materials. Poor plant design, running 
above designed capacity and disrespect for routine maintenance and cleaning work is also common 
and can lead to a variety of technical problems, which result in downtime. In this study it was 
considered impo1tant to simulate "real" operation, in order to evaluate possible effects on output 
and therefore possible revenues. Real-life operational conditions were simulated by assuming that 
70% of the material input is processed in as designed conditions, whi le the remaining 30% is 
processed in overcapacity conditions, characterized by a drop of 30% in so1ting efficiencies. The 
quality of output products is considered equal for both cases, because operators largely strive to 
comply with quality requirements. 
Results and discussion 
Capital investment, yearly capital expenditure (capex) and operational expenditure (apex) results 
are given in Table 7. Normalized costs per tonne of processed packaging waste are presented in 
Figure 2(A). The results suggest overall strong economy of scale effects in large state-of-the-att 
plants despite much larger capital investment and yearly operational costs. The normalized 
processing costs derived in this study were in relative agreement with the two examples given by 
Biinemann et al. (20 11) for capacities of 40,000 tonnes/y (specific cost of 101 €/tonne) and 60,000 
tonnes/y (specific costs of 87 €/tonne). At the same time these costs are significantly lower than the 
industry average s01ting cost of 150 €/tonne incurred in Germany, as given by da Cruz et al. (2014). 
Table 7: Main cost results 
Basic plant Medium plant Advanced plant 
Capital investment 
Building costs € 2,800,000 4,700,000 6,500,000 
Equipment costs € 3,400,000 6,950,000 11,650,000 
Project costs € 200,000 350,000 550,000 
Total € 6,400,000 12,000,000 I 8,700,000 
Capex 
Building costs €/y 200,000 350,000 500,000 
Equipment costs €/y 450,000 920,000 1,460,000 
Project costs €/y 20,000 30,000 40,000 
Total capex €/y 670,000 1,300,000 2,000,000 
Opex 
Repairs/ maintenance €/y 150,000 250,000 400,000 
Utilities €/y 5 10,000 920,000 1,680,000 
Personnel €/y 1,300,000 1,900,000 2,600,000 
Insurance €/y 40,000 80,000 120,000 
Total opex €/y 2,000,000 3,100,000 4,800,000 
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Revenues or additional costs incurred by material outputs are largely dependent on product 
diversification, which increases with plant size, and on sorting efficiency, which varies based on 
operational conditions. Due in fact to economies of scale, larger plants can better make use of the 
latest technology upgrades, such as advances in process control and automated sorting. This reduces 
dependency on manual labor (although not entirely) while at the same time permits the greatest 
level of diversification in recovered products. 
Normalized revenues per tonne of input waste are illustrated in Figure 2(B), considering typical 
plant operation, and Figure 2(C) with designed or planned operation. The difference between the 
two modes of operation (a 30% decrease in sorting efficiency for 30% of processed input) translates 
into negative revenues for the Basic plant, a 30% decrease in revenues for the Medium plant and a 
25% decrease for the Advanced plant. In all three, the costs due to disposal of sorting residues 
(incineration) make up the largest element in the revenue balance. Incineration costs are, however, 
at low levels today and have been decreasing considerably in the last ten years in Germany, due 
mainly to falling waste amounts. These results reflect realistic conditions faced by plant operators. 
Neve1theless the severity of possible impacts on operating companies -is in reality diminished by 
additional revenues gained by treatment of other municipal waste streams. Gate fees charged for 
waste processed above yearly capacity also contribute revenues which offset losses due to 
decreased recovery efficiencies. 
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Figure 2: (A) Normalized costs in €/tonne input; (B) Norma/typical operation: costs, revenues from 
products and net costs; (C) Planned operation; (D) Total mass recovery into product streams. 
A number of parameters used in the model, such as personnel salaries, construction costs and output 
material prices, make the results of this study quite country specific. These parameters can however 
be easily changed in the model to reflect cost levels characteristic of other countries or regions. 
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